At operation the hemodynamics of the left side of the heart were studied in six patients without mitral stenosis, and in eight patients with mitral stenosis, by means of simultaneous needle puncture of the left atrium, left ventricle, and aorta. This technic permits analysis of the various phases of the cardiac cycale in normal subjects and in patients with mitral stenosis. The fundamental hemo-(lynamic expression of mitral stenosis is the presence of an elevated left atrioventricular filling pressure gradient, which ranged from 4 to 20 mm.Hg, and after valvulotomy fell in relation to the adequacy of the procedure.
O UR knowledge of the human cardiac cycle has been retarded by the inability to study completely the hemodynamics of the left side of the heart. The technique of venous catheterization, which has contributed so much to an analysis of events in the right side of the heart of man1-3 does not permit the direct study of the left heart chambers except in isolated instances of congenital communications between the right and left cavities.
Previous investigation of the left side of the circulation has been carried out primarily through animal experimentation. The classic studies of Wiggers4-6 have defined the various phases of the cardiac cycle, as well as the pressure relationships between the left atrium, left ventricle, and aorta, both in '9' 20 Human left ventricular pressures have been obtained by needle puncture at operation, [21] [22] [23] by puncture of the chest wall,24 and by catheterization of the left ventricle through a needle introduced into the left atrium through the chest wsall12 or through the left main bronchus. 26 Pressures in the human aorta have been measured by retrograde arterial catheterizationl7-0 by puncture of the chest,3" by needle puncture at the operating 
The Normal Cardiac Cycle
The cardiac cycle of the left side of the normal heart is depicted in figure 1 . The definitions and symbols given to the various phases of the cardiac cycle by Wiggers4 will be adhered to in this discussion.
Ventricular contraction begins at 1 and virtually simultaneously mitral valve closure occurs, as indicated by the crossover of the atrial and ventricular curves. The c wave in the left atrium begins at this time. This point marks the onset of the left ventricular isometric contraction period, which consists of a slow phase followed by a rapid phase of pressure rise. The isometric contraction period ends at 2, the moment of aortic valve opening, as indicated by the onset of the aortic pressure rise. The period of maximum ejection (2 to 3) lasts until the peak of the aortic pressure pulse (3) and is followed by the period of reduced ejection (3 to 4) which is completed at the beginning of the incisura (4), a point sometimes difficult to identify on our tracings. This marks the end of ejection and of systole. During protodiastole (4 to 3) the pressures in the ventricle and aorta continue to decline. This phase terminates at the moment of aortic valve closure (5), i.e., at the bottom of the incisura of the aortic pressure curve. Isometric relaxation (5 to 6) then follows and ventricular filling begins at the time the mitral valve reopens, which is indicated by the crossing of the atrial and ventricular pressure curves (6).
The period of rapid early filling, i.e., the diastolic inflow period, is marked by a continuous decline in the atrial pressure curve. Diastasis, or the period of slowed ventricular filling, begins when the atrial pressure begins to rise during diastole (7). The onset of the wave produced by atrial contraction marks the end of diastasis (8) . The dynamic interval of atrial systole lasts until the peak of the atrial contraction wave (9) , while the inflow phase which follows ends at the onset of ventricular isometric contraction (10) and completes the cardiac cycle.
The Cardiac Cycle in Mitral Stenosis
In patients with mitral stenosis the sequence of events differs in several important respects ( fig. 2 ), and will of course vary somewhat when atrial fibrillation occurs. It has already been noted that in the presence of a normal mitral valve the crossing of the left atrial and left ventricular curves, the onset of the atrial c wave, and presumably the moment of mitral valve closure, all occur immediately after the onset of ventricular contraction. In Because of the presence of a positive pressure gradient between the left atrium and left ventricle at the beginning of ventricular contraction it is possible that the paradox exists in the normal heart (patient 0. W.). For explanation which the ventricular chamber fills while its wall is contracting. If this hypothesis is correct, left ventricular filling in mitral stenosis is not strictly limited to diastole, and the term "diastolic filling period" should not be employed. The final phase of isometric co(ntraction begins with the crossing of the left atrial and left ventricular curves, and ends at the moment of aortic valve opening (2) .
At the completion of isometric relaxation, that is, at the moment the mitral valve opens, there emerge other points of difference between the normal heart and that with mitral stenosis. Thereafter, in the normal, the left atrial and left ventricular pressure curves virtually coincide. Despite A further difference between the normals and the patients with mitral stenosis whom wie have studied is the absence of diastasis in the latter. The period of diastasis, as mentioned above, is that phase of diastole which is characterized by a rising atrial pressure before atrial contraction. Thus all of the left atrial pressure curves before valvulotomy were characterized by a continuous decline in pressure during diastole until atrial contraction.
MIitral Stenosis with Abnormal Rhythms
In patients with atrial fibrillation or other arrhythmias producing diastolic periods of varying durations, the magnitude of the left atrioventricular pressure gradient at the end of diastole varies inversely with the duration of the preceding diastole ( figs. 3 & 4) . A longer diastolic period presumably allows more effective emptying of the left atrium.
Among the other features of interest in the patients with arrhythmias are the following: the dynamics of "frustrate" ventricular contractions are well demonstrated in figure 3 . The third beat in the upper tracing, a ventricular premature contraction deliberately induced by tapping the ventricle with a hemostat, does not raise the ventricular pressure to the level of the aortic pressure. Consequently, the aortic valves do not open, and the aortic pressure continues to fall unimterruptedly. The entire period between mitral valve closure and opening is, therefore, an isometric one. There is no ejection phase for the ventricular premature contraction, isometric relaxation following isometric contraction immediately. The presence in such a cycle of an atrial c wave, a finding we have confirmed in other cases, is further evidence that this wave is a function of ventricular contraction alone, and not related to the aortic pressure pulse.
In both A. 13 ., a patient without mitral stenosis and, I. 1I., a patient with mitral stenosis, nodal heats were (haracterized in the atrial tracing by a greater pressure rise at the onset of ventricular contraction, presumably the result of summation of the a and c waves.
Changes Following Mitral Valvulotomy
Just as the presence of a filling pressure gradient between the left atrium and ventricle is the most significant finding in mitral stenosis, so does the abolition of this gradient constitute the chief object of mitral surgery.3" However, changes in the filling pressure gradient brought about by valvulotomy must also be analyzed in the light of possible variation in the amount and character of the blood flow across the mitral valve. All 
SUMMARY
The hemodynamic events of the left side of the heart have been studied in detail in 14 patients. -Needles were introduced into the left atrium, left, ventricle, and aorta through the open chest, and the pressures recorded simultaneously on identical baselines at identical sensitivities.
In the six patients without mitral stenosis, the left ventricular mean diastolic pressure ranged between 3 and 10 mm. Hg. The mean left atrioventricular filling pressure gradient in these patients measured between 0 and 1 mm. Hg.
The elevated left atrioventricular filling pressure gradient is the fundamental hemodynamic expression of mitral stenosis, and its abolition constitutes the chief object of mitral surgery. In the eight patients with mitral stenosis this gradient ranged from 4 to 20 mm. Hg and following valvulotomy fell significantly in every instance, being almost entirely abolished in three patients.
The technique employed in these studies appears to be safe and makes possible the registration of three simultaneous pressure pulses with relatively little distortion. 
